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1  | INTRODUC TION

People tend to make claims that cast the self in a favorable light 
(Cai et  al.,  2016; Chavez et  al.,  2016; Hughes & Beer,  2012; Korn 
et al., 2012; Sharot et al., 2007). This tendency can be manifested 
by the self-serving bias (SSB) in attribution. That is, people are 

more likely to attribute positive events to themselves but attribute 
negative events to other factors in social situations (Blackwood 
et al., 2003; Mezulis et al., 2004). One explanation for the SSB is that 
people have the self-enhancement motivation to enhance the posi-
tivity or diminish the negativity of their self-concept (Sedikides et al., 
2015; Sedikides & Gregg, 2008). Yet people also have other motives 
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Abstract
Introduction: When involved in interpersonal events, people often play the role of an 
initiative actor (e.g., “I hit Tom”) or a passive recipient (e.g., “Paul hit me”). Numerous 
studies have documented that people manifest a self-serving bias (SSB), that is, they 
tend to attribute positive interpersonal events to themselves and negative events to 
other external factors. Recent studies have identified the neural regions associated 
with the SSB; yet little is known about the neural mechanism of its modulation by the 
actor or recipient role.
Methods: In this study, participants were scanned while they attributed the positive 
or negative events in which the self played the actor or recipient role.
Results: The results showed that people manifested more SSB than non-SSB 
(NONSSB) attributions and spent less time on making the former. Importantly, more 
SSB attributions and shorter reaction times were found in the actor than in the re-
cipient condition. Greater activity in the dorsomedial prefrontal cortex (dmPFC) was 
observed in responding to NONSSB than SSB attributions only in the actor condi-
tion. Furthermore, the greater the difference in dmPFC activity in responding to 
NONSSB and SSB attributions, the smaller the difference in corresponding attribu-
tion response.
Conclusion: The results suggest that people prefer making heuristic SSB attributions, 
and more cognitive resources are needed when they make NONSSB attributions. 
The activity of the dmPFC may be associated with inhibiting the heuristic SSB, espe-
cially when they play the actor role at interpersonal events.
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associated with the self-concept, such as the self-assessment mo-
tivation, which prefers accurate information about the self (Duval 
& Silvia, 2002). Thus, sometimes, people make non-SSB (NONSSB) 
attributions, that is, they make external attributions of positive 
events and internal attributions of the negative ones (Wang, Zheng, 
Cheng, et al., 2015; Wang et al., 2017). How people modulate their 
attributions under various situations is still an open and interesting 
question.

Previous studies have found that SSB is modulated by the 
actor or recipient role (Wang, Zheng, Cheng, et al., 2015; Wang 
et al., 2017). When involved in interpersonal events, people often 
play the role of an initiative actor (e.g., “I hit Tom”) or a passive 
recipient (e.g., “Paul hit me”). As an actor, the individual takes 
the initiative in social interactions when they actively perform 
the actions in interpersonal events. As a recipient, the individual 
passively receives uncontrollable actions in interpersonal events. 
Compared with the passive recipient role, people manifest more 
SSB when they play the actor role. Researchers have argued that 
when the self is the grammatical subject of the sentence describ-
ing interpersonal events in an actor condition, it has more salience 
than in the recipient condition. Thus, the actor is more likely to 
be considered the cause of emotional interpersonal events (Kasof 
& Lee, 1993), and the actor might be supposed to take more re-
sponsibility for the interpersonal events relative to the recipient. 
In order to enhance the positivity or diminish the negativity of 
their self-concept (Sedikides & Alicke, 2012), people might attri-
bute more positive events and less negative events to themselves 
in the actor condition relative to the recipient condition (Wang, 
Zheng, Cheng, et al., 2015; Wang et al., 2017). Alternatively, be-
cause of the higher salience of the self in the actor condition than 
in the recipient condition, people might have a higher self-aware-
ness level. When self-awareness is heightened, people take more 
notice of their self-concept, and the self-enhancement motivation 
is increased (Duval & Silvia,  2002). Thus, people might manifest 
more SSB in the actor condition than in the recipient condition.

Neuroimaging studies have investigated the neural correlates 
of the SSB by distinguishing individuals' SSB attributions from 
NONSSB attributions (Blackwood et al., 2003; Seidel et al., 2010, 
2012). SSB attributions refer to the combined responses of self-at-
tributions for positive events and other-factor attributions for 
negative events, while NONSSB attributions refer to the com-
bined responses of other-factor attributions for positive events 
and self-attributions for negative events. Previous findings have 
shown that SSB attributions are associated with activities of the 
striatum (including the caudate and putamen), dorsal anterior cin-
gulate cortex, and orbitofrontal cortex (OFC). These regions are 
considered to represent the personal value of information from 
diverse sources, ranging from social rewards (e.g., positively bi-
ased self-views, positive feedback on personality traits) to non-
social rewards (e.g., food, money; Blackwood et al., 2003; Seidel 
et al., 2010). Meanwhile, neural activities in the prefrontal cortex, 
such as the dorsomedial prefrontal cortex (dmPFC) and ventro-
lateral prefrontal cortex (vlPFC; Blackwood et  al.,  2003; Seidel 

et al., 2012), are associated with NONSSB. These regions may be 
engaged in cognitive control to suppress the heuristic self-serv-
ing attributions (Blackwood et  al.,  2003; Seidel et  al.,  2012). 
These findings suggest that, although SSB attributions are con-
sidered helpful for protecting self-esteem and maintaining mental 
health, people also make NONSSB attributions to gain accurate 
self-knowledge according to the situation, and the brain regions 
associated with SSB and NONSSB attributions are different. Given 
that the SSB or NONSSB effect differs between the actor and the 
recipient condition (Wang et al., 2017), we hypothesize that these 
brain regions associated with SSB or NONSSB attributions are 
modulated by the actor or recipient role.

To examine the above hypothesis, the behavioral and neuro-
imaging data from Wang, Zheng, Cheng, et al. (2015) were used in 
the present study. In their study, the role that “self” played (actor 
or recipient) in an interpersonal event was manipulated. Based on 
that data, the effect of the actor/recipient role on the self-serv-
ing bias and its underlying neural correlates could be examined in 
the present study. Their work focused on uncovering the differ-
ence between people's behavioral and neural responses to the self 
and others in interpersonal events. They found that the dmPFC 
was more activated when evaluating self-related events relative 
to other-related events, and the difference in dmPFC activity in 
responding to the self and to others was positively correlated 
with individuals' reaction times in the recipient condition (Wang, 
Zheng, Cheng, et al., 2015). They also argued that people might be 
inclined to employ more cognitive resources to rate themselves in 
the recipient condition compared with the actor condition (Wang, 
Zheng, Cheng, et al., 2015). These findings revealed that people's 
patterns of self-processing are closely correlated with the actor or 
recipient role they play in interpersonal events. However, they did 
not illustrate the neural mechanism underlying the effect of the 
actor or recipient role on the SSB.

In the present study, we aimed to examine how the actor/
recipient role affects the behavioral and neural mechanism of 
the SSB. Based on the previous studies on SSB (Blackwood 
et  al.,  2003; Seidel et  al.,  2010, 2012), we distinguished individ-
uals' SSB from NONSSB attributions for positive and negative 
interpersonal events in both actor and recipient conditions. For 
self-related interpersonal events, individuals' high self-relevance 
attributions of positive events or low self-relevance attributions 
of negative events were called SSB attributions; the reverse at-
tribution patterns were called NONSSB attributions (Blackwood 
et  al.,  2003; Seidel et  al.,  2010, 2012). At the behavioral level, 
we expected that, compared with the recipient condition, people 
would manifest more SSB attributions in the actor condition. At 
the neural level, brain regions associated with reward would be 
more activated when people made more SSB attributions, while 
regions associated with cognitive control would be more activated 
when people made more NONSSB attributions. These brain activ-
ities associated with SSB or NONSSB attributions would be modu-
lated by the actor/recipient role that “self” played in interpersonal 
events.
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2  | METHODS

2.1 | Participants

Twenty-nine right-handed volunteers were recruited in compliance 
with the human subject regulations of the Ethical Committee of East 
China Normal University. All participants provided informed consent 
before scanning and were paid RMB 50 for their participation. Five par-
ticipants had to be excluded from the analysis: Four participants were 
excluded due to excessive head movements and one made no response 
in one experimental condition. The remaining 24 participants included 
in the data analysis consisted of 12 females, aged from 20 to 30 years, 
M = 24.0, SD = 2.56. All participants reported no abnormal neurological 
history and had normal or corrected-to-normal vision.

2.2 | Behavioral paradigm

Participants were randomly presented with 160 one-sentence in-
terpersonal events (80 positive and 80 negative). Half of them were 
self-relevant events, where “self” was randomly assigned as an actor 
(e.g., “I praise Lisa”) or a recipient (e.g., “Paul hit me”). In each trial, the 
participant was asked to read a sentence and to rate “How likely is it 
that I am that kind of person?” on a 4-point scale within 5 s by press-
ing the corresponding button (1 = very unlikely, 2 = moderately un-
likely, 3 = moderately likely, 4 = very likely). Additionally, there were 
80 other-relevant events (e.g., “Mary hits Lisa”). Participants were 
asked to imagine the event and rate “How likely is it that the actor 
(e.g., Mary) [or recipient (e.g., Lisa)] is that kind of person?” Because 
the two persons in each interpersonal event were unfamiliar to the 
participants, they were asked to answer according to most cases in 
social situations. Following fMRI scanning, participants completed 
the Rosenberg Self-Esteem Scale (Rosenberg, 1989).

2.3 | fMRI data acquisition

All images were collected on a 3T Siemens scanner at the Functional 
MRI Lab (East China Normal University, Shanghai). Functional im-
ages were acquired using a gradient-echo echo-planar imaging 
(EPI) sequence (TR =  2,200  ms, TE  =  30 ms, FOV =  220, matrix 
size = 64 × 64, slice thickness = 3 mm, gap = 0.3 mm) with each 
volume consisting of 35 slices. A high-resolution T1-weighted 
image was also acquired from each participant (TR  =  1900  ms, 
TE = 3.42 ms, 192 slices, slice thickness = 1 mm, FOV = 256 mm, 
matrix size = 256 × 256) before the functional run.

2.4 | fMRI data preprocessing and 
statistical analyses

Data analyses were conducted with SPM8 (Wellcome Department of 
Cognitive Neurology, London). Preprocessing included discarding the 

first five functional images to allow for scanner equilibrium effects. The 
remaining 569 functional images were reoriented according to Anterior 
and Posterior Commissure (AC-PC) plane, spatially realigned to the first 
volume, spatial normalization into the Montreal Neurological Institute 
(MNI) template (resampled at 2 × 2 × 2 mm3 voxels), and spatial smooth-
ing (using an 8-mm full-width half maximum isotropic Gaussian kernel). A 
high-pass filter with a cutoff period of 128 s was applied.

At the first level, to calculate the SSB attributions and NONSSB attri-
butions of a participant in actor and recipient conditions, four conditions 
were defined according to Role (Actor vs. Recipient) and AttriBias (SSB 
vs. NONSSB). SSB attributions referred to the combined responses of 
high self-relevance attribution of positive events (3 or 4 response) and 
low self-relevance attribution of negative events (1 or 2 response) by the 
participant. NONSSB attributions referred to the combined effects of 
low self-relevance attribution of positive events (1 or 2 response) and 
high self-relevance attribution of negative events (3 or 4 response) by the 
participant (Blackwood et al., 2003; Seidel et al., 2012). These four con-
ditions were modeled using a canonical hemodynamic response function 
with a temporal derivative. We chose the onset of the stimulus as the 
onset time point and the reaction time (RT) from the stimulus onset to 
button press as the duration (epoch with variable time length). One re-
gressor modeling the other-relevant interpersonal events, six modeling 
movement-related variance, and one modeling the overall mean were 
also employed in the design matrix. A general linear model analysis cre-
ated four contrast images for each participant summarizing differences 
of interest. The four first-level contrast images from each participant 
were then analyzed at the second level employing a random-effects 
model (flexible factorial design in SPM8). We used t-contrasts to analyze 
the effects of Role, AttriBias, and the interaction between them.

Parametric analyses were also conducted to assess how brain ac-
tivities were modulated by the level of self-serving bias attributions in 
positive and negative events separately, using attribution ratings as the 
parametric modulators. The resulting participant-specific estimates of 
the parametric regressor at each voxel were then entered into a sec-
ond-level one sample t test treating participants as a random variable. 
Regions showing increased activations in response to self-related positive 
events with the increment of attribution ratings and to negative events 
with the reduction of attribution ratings were identified separately to 
evaluate the brain activities associated with the self-serving bias.

Areas of activation were identified as significant only if they met 
the thresholded of p < .05, FWE-corrected for multiple comparisons 
at the cluster level with an underlying voxel level of p <  .001 (un-
corrected), unless otherwise indicated. The MarsBaR toolbox was 
used to extract beta-values from the activated brain regions (Brett 
et al., 2002).

3  | RESULTS

3.1 | Behavioral data

Each attribution rating was subdivided into a low self-relevance 
(events that received a 1 or 2 response from the participant) or 
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high self-relevance (events that received a 3 or 4 response from the 
participant) condition. The proportion of attributions for each con-
dition made by the 24 participants was analyzed to examine the self-
serving bias. Then, the proportions of each participant's SSB (high 
self-relevance attributions of positive events and low self-relevance 
attributions of negative events) and NONSSB (low self-relevance at-
tributions of positive events and high self-relevance attributions of 
negative events) attributions in actor and recipient conditions were 
calculated and compared. Additionally, the corresponding reaction 
time (RT) for each condition made by the 24 participants was also 
calculated and analyzed.

3.1.1 | Attribution rating

In both actor and recipient conditions, paired-sample t tests re-
vealed that participants made more high self-relevance responses 
relative to low self-relevance responses to positive events (actor: 
t(23)  =  9.29, p  <  .001; recipient: t(23)  =  8.19, p  <  .001), and this 
pattern was reversed in responding to negative events (actor: 
t(23)  =  15.96, p  <  .001; recipient: t(23)  =  10.37, p  <  .001). These 
results indicated that people manifested the SSB in both actor and 
recipient conditions.

Furthermore, paired-sample t tests revealed that participants' 
SSB attributions were significantly greater than NONSSB attri-
butions in both the actor (t(23)  =  13.15, p  <  .001) and recipient 
(t(23) = 13.31, p <  .001) conditions. However, the differences be-
tween the proportions of SSB and NONSSB attributions were sig-
nificantly greater in the actor relative to the recipient condition 
(t(23)  =  3.22, p  =  .004). In addition, we found that participants 
made more SSB attributions and fewer NONSSB attributions in the 
actor condition relative to the recipient condition (SSB attributions: 
t(23) = 3.22, p = .004; NONSSB attributions: t(23) = 3.21, p = .004).

Notably, correlation analysis was conducted to explore the rela-
tionship between self-esteem and the SSB attributions. A positive cor-
relation was observed between people's level of self-esteem and the 
proportion of SSB attributions in the actor condition, r = .42, p = .04, 
95% CI = (0.001, 0.047); however, there was no significant correlation in 
the recipient condition, r = .31, p = .14, 95% CI = (−0.007, 0.050).

3.1.2 | Reaction time

For the RT (see Table 1), a 2 (Role: actor vs. recipient) × 2 (Valence: 
positive vs. negative)  ×  2 (Self-relevance: high vs. low) repeated 

measure ANOVA revealed main effects of Role (F(1, 23)  =  12.71, 
p = .002, �2

p
= 0.36) and Valence (F(1, 23) = 6.41, p = .02, �2

p
= 0.22

). Additionally, there was a significant interaction between valence 
and self-relevance (F(1, 23) = 17.39, p <  .001, �2

p
= 0.43). No other 

main effects or interactions were significant, all F < 1.01, all p > .33. 
Further simple effect analysis revealed that participants' high self-
relevance responses were faster than their low self-relevance re-
sponses for positive events (t(23) = 3.82, p = .001), while their high 
self-relevance responses were slower than their low self-relevance 
responses for negative events (t(23) = 2.78, p = .01).

Furthermore, we calculated each participant's SSB and NONSSB 
attribution reaction time in the actor and recipient conditions. 
A 2 (Role: actor vs. recipient) × 2 (AttriBias: SSB vs. NONSSB) re-
peated measure ANOVA revealed significant main effects of Role 
(F(1, 23) = 10.25, p = .004, �2

p
= 0.31) and AttriBias (F(1, 23) = 13.43, 

p = .001, �2
p
= 0.37). There was no significant interaction between Role 

and AttriBias (F(1, 23) = 0.10, p = .76). Pairwise comparisons revealed 
that people made faster responses in the actor (M = 2,326.74 ms) rel-
ative to the recipient condition (M = 2,519.30 ms; p = .004), and they 
made faster responses for SSB (M = 2,285.67 ms) than for NONSSB 
attributions (M = 2,560.07 ms; p = .001).

3.2 | fMRI data

3.2.1 | Main effects and interaction

For the main effects, the SSB versus NONSSB contrast revealed the 
precentral gyrus (MNI: −22 −18 60). The NONSSB versus SSB con-
trast revealed the dorsomedial prefrontal context (dmPFC; MNI: 2 
36 50, −4 42 44) and inferior frontal gyrus (MNI: −54 22 4). The 
Actor versus Recipient contrast revealed the fusiform gyrus (MNI: 
24 −68 −4) and inferior parietal gyrus (MNI: −44 −26 44). The reverse 
contrast revealed the angular gyrus (MNI: −44 −52 24).

The interaction between AttriBias and Role was computed by 
the (Recipient [SSB-NONSSB]-Actor [SSB-NONSSB]) contrast and 
the reverse contrast. The results showed that the middle tempo-
ral gyrus (MNI: 68 −34 2), supplementary motor area (MNI: 6 24 
56), dmPFC (MNI: 0 28 44), inferior frontal gyrus (MNI: 52 34 2), 
postcentral gyrus (MNI: 34 −28 60), and middle cingulate cortex 
(MNI: −2 −32 46) were activated in (Recipient [SSB-NONSSB]-Actor 
[SSB-NONSSB]) contrast. No regions survived the reverse contrast 
(Table 2).

The cluster located in the dmPFC overlapped between 
the contrast of (NONSSB-SSB) and the contrast of (Recipient 

TA B L E  1   Means and standard deviations of participants' RT (ms) across conditions

Positive Negative

HSR LSR HSR LSR

Actor 2,183.56 ± 507.29 2,406.65 ± 490.58 2,496.35 ± 681.14 2,216.39 ± 429.36

Recipient 2,254.57 ± 552.54 2,632.72 ± 628.79 2,705.77 ± 752.96 2,484.15 ± 489.31

Abbreviations: HSR, high self-relevance; LSR, low self-relevance.
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[SSB-NONSSB]-Actor [SSB-NONSSB]). Parameter estimates 
across the dmPFC (MNI: 0 28 44) were extracted. A 2 (Role: actor 
vs. recipient)  ×  2 (AttriBias: SSB vs. NONSSB) repeated mea-
sures ANOVA revealed a significant interaction between Role 
and AttriBias (F(1, 23) = 11.32, p = .003, �2

p
= 0.33). Furthermore, 

simple effect analysis revealed that activity in the dmPFC was 
greater for NONSSB attributions than for SSB attributions in the 
actor condition (t(23) = 3.79, p =  .001) but not in the recipient 
condition (t(23) = 0.70, p = .49; Figure 1a). Additionally, we also 
found that activity in the dmPFC was greater for NONSSB attri-
butions in the actor condition compared with the recipient con-
dition (t(23) = 2.41, p = .02), while activity in dmPFC was greater 
for SSB attributions in the recipient condition compared with the 
actor condition (t(23) = 4.00, p = .001).

Correlation analysis showed a significant negative correlation 
between the beta value differences (NONSSB-SSB) of dmPFC 
(MNI: 0 28 44) activity and the attribution proportion differ-
ences (NONSSB-SSB) in the actor condition, r = −.43, p = .04, 95% 
CI = (−0.116, −0.004); however, the correlation was not significant 
in the recipient condition, r = −.04, p = .85, 95% CI = (−0.04, 0.033; 
Figure 1b).

3.2.2 | Parametric analyses of attribution rating

Parametric analyses revealed that, for self-relevant positive events, 
the insula (MNI: −38 −2 4) showed increased activation when partici-
pants reported higher self-relevance. The left dorsolateral prefrontal 
cortex (dlPFC; MNI: −52 28 34) showed decreased activation when 
participants reported higher self-relevance. Meanwhile, for self-rele-
vant negative events, the putamen (MNI: 30 −6 0) showed increased 
activation when participants reported lower self-relevance (Table 3).

4  | DISCUSSION

The present study aimed to explore how the actor or recipient role 
modulates people's SSB and the underlying neural mechanisms. 
Behavioral results confirmed that people manifested the SSB in attri-
bution. Importantly, people showed more SSB and shorter reaction 
time in the actor relative to the recipient condition, and the propor-
tion of SSB attributions was positively correlated with self-esteem 
in the actor condition but not in the recipient condition. At the neu-
ral level, the activity of the dmPFC was greater while responding 

TA B L E  2   Identification of BOLD signal changes association with main effects of AttriBias, Role, and the AttriBias × Role interaction

Brain region

MNI

T value VoxelsX Y Z

SSB-NONSSB

L Precentral gyrus −22 −18 60 4.31 235

NONSSB-SSB

R Dorsomedial prefrontal context 2 36 50 5.67 1883

−4 42 44 5.27

L Inferior frontal gyrus −54 22 4 4.58 351

Actor-Recipient

R Fusiform gyrus 24 −68 −4 5.20 255

L Inferior parietal gyrus −44 −26 44 5.09 1,840

Recipient-Actor

L Angular gyrus −44 −52 24 4.51 244

Actor (SSB-NONSSB)–Recipient (SSB-NONSSB)

None

Recipient (SSB-NONSSB)–Actor (SSB-NONSSB)

R Middle temporal gyrus 68 −34 2 4.41 396

R Supplementary motor area 6 24 56 4.14 245

Dorsomedial prefrontal context 0 28 44 3.95

R Inferior frontal gyrus 52 34 2 4.13 303

R Postcentral gyrus 34 −28 60 3.99 277

L Middle cingulate cortex −2 −32 46 3.76 300

Note: All reported clusters are cluster-level family wise error (FWE) corrected for multiple comparisons at p < .05 with an underlying voxel level of 
p < .001 (uncorrected).
Abbreviations: L, left hemisphere; NONSSB, non-self-serving bias; R, right hemisphere; SSB, self-serving bias.
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to NONSSB than SSB attributions in the actor condition but not in 
the recipient condition. Moreover, only in the actor condition, we 
found the greater the difference in dmPFC activity in responding to 
NONSSB attributions and SSB attributions, the smaller the differ-
ence in the corresponding attribution response. Additionally, more 
SSB was found to be associated with higher activities in the puta-
men and insula, and less SSB was associated with higher activity in 
the dlPFC.

Behavioral results revealed that people manifested the SSB in at-
tribution, which was consistent with previous work showing that the 
SSB is pervasive in the general population (Blackwood et al., 2003; 
Mezulis et  al., 2004). Importantly, people manifested more SSB in 
the actor condition relative to the recipient condition. Compared 
with passive recipients, people who took the initiative to perform 
the interpersonal actions were more likely to be considered as the 
cause of the interpersonal events (Kasof & Lee, 1993). In order to 
maintain their self-esteem, people who played the actor role had 
more desire to attribute more positive events and fewer negative 
events to themselves compared with the passive recipient condi-
tion. In addition, we observed a shorter reaction time in the actor 
condition relative to the recipient condition. Our findings further 
suggested that, when people took the initiative actor role, their at-
tribution responses might be more heuristic rather than deliberative. 
In that situation, the desire to maintain positive self-esteem might 
be greater than other motivations, such as accurate self-evaluation. 

Additionally, we found that the SSB is positively correlated with the 
level of self-esteem in the actor condition rather than in the recip-
ient condition. It is worth noting that although the correlation was 
not statistically significant in the recipient condition, the confidence 
intervals overlapped between the actor and recipient conditions. 
This suggested that whether the actor or recipient role is played, 
people with a higher level of self-esteem might manifest more SSB 
attributions. The positive relationship between self-esteem and the 
self-serving cognition has been well-documented in previous studies 
where people made self-reference judgments or responsibility at-
tributions (Somerville et al., 2010; Yang et al., 2014). Future studies 
could further confirm the difference between the actor and the re-
cipient role.

At the neural level, we found greater dmPFC activity for NONSSB 
than SSB attributions in the actor condition. Activity of the dmPFC 
has been associated with self-evaluation and self-related reap-
praisal (D'Argembeau et al., 2007; Han et al., 2010; Korn et al., 2012; 
Lemogne et al., 2011; Northoff & Bermpohl, 2004). In addition, it is 
involved in conflict monitoring and cognitive control (D'Argembeau 
et al., 2012; Han et al., 2010; Seidel et al., 2012). Given that individ-
uals need employ more cognitive resources to make the deliberative 
NONSSB attributions compared with the heuristic SSB attributions 
(Blackwood et al., 2003; Seidel et al., 2012), our results suggested 
that the activity of the dmPFC might be associated with inhibiting the 
SSB. Further evidence came from the negative correlation between 

F I G U R E  1   Parameter estimates of the 
dorsomedial prefrontal cortex (dmPFC). 
(a) Brain activity of the dmPFC (MNI: 0 28 
44) was greater for NONSSB attributions 
than for SSB attribution in both the actor 
and the recipient conditions. In addition, 
the dmPFC activation was greater 
for NONSSB attributions in the actor 
condition than in the recipient condition, 
while it was greater for SSB attributions 
in the recipient condition than in the 
actor condition (**p < .01, *p < .05). 
Error bars indicated standard errors of 
mean beta-values. (b) The beta value 
difference (NONSSB–SSB) in dmPFC 
activity was negatively correlated with 
the corresponding attribution difference 
across all participants in the actor rather 
than in the recipient condition. NONSSB, 
non-self-serving bias; SSB, self-serving 
bias
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dmPFC activation difference (NONSSB-SSB) and the corresponding 
attribution response difference in the actor condition. It is possible 
that people prefer to make heuristic SSB attributions in the actor 
condition. Otherwise, making NONSSB attributions conflicts with 
their self-enhancement motivation and require additional cognitive 
resources. Thus, greater activity of the dmPFC may be involved in 
reducing the heuristic SSB attributions in the actor condition.

Parametric analyses revealed that greater putamen activity in 
response to negative events was associated with less self-relevance. 
Putamen activity has repeatedly been found to be associated with 
stimuli/actions that have a rewarding value (Blackwood et al., 2003; 
Cascio et  al.,  2015; Dutcher et  al.,  2016; Liu et  al.,  2016; Seidel 
et al., 2010). The putamen activity in the present study may have 
been involved in tracking the rewarding values of SSB attributions 
by isolating negative events from the self. Additionally, we found 
that the insula was positively related to the level of endorsing pos-
itive events as self-relevant, and the dlPFC was negatively related 
to the level of endorsing positive events as self-relevant. The insula 
has been proposed to be involved in self-related emotion processing 
(Deen et al., 2011) and the interaction between emotional arousal 
and valence (Citron et al., 2014; Wang, Zheng, Li, et al., 2015). This 
suggests that self-related positive events, which are in line with 
people's expectations, are likely to attract the attention of individ-
uals. Meanwhile, the dlPFC has been implicated in control-related 
processes (Guo et al., 2013; Sanfey et al., 2003). It may have been 
associated with inhibiting the heuristic SSB in the present study. 
Taken together with prior results, our present findings suggest 
that the neural mechanism of the SSB may differ between positive 

and negative interpersonal events. Given that the SSB is so great 
in human cognition (Mezulis et al., 2004) and people make external 
attributions for most negative events, the NONSSB attributions of 
positive or negative events are so low that the statistical power may 
have been reduced in the present fMRI design. Therefore, based on 
previous studies (Blackwood et al., 2003; Seidel et al., 2010, 2012), 
we combined the internal attribution of positive events and exter-
nal attribution of negative events to explore the neural mechanism 
of the SSB. Future studies could further explore the SSB difference 
between positive and negative events by using more events or other 
experimental paradigms.

In conclusion, our results confirm that the actor or recipient role 
affects a person's SSB. People manifested more SSB and a shorter re-
action time in the actor relative to the recipient condition. Importantly, 
only when the self played the role of an actor, more dmPFC engagement 
was observed in NONSSB relative to SSB attributions. Furthermore, 
the difference in dmPFC activity in responding to NONSSB attribu-
tions and SSB attributions was negatively correlated with the corre-
sponding difference in attribution response. These results provide 
evidence that in an actor condition, people may prefer to make heu-
ristic SSB attributions, and more cognitive resources are needed when 
they make NONSSB attributions. The activity of the dmPFC may be 
associated with inhibiting the SSB, especially when the self plays the 
role of an actor in interpersonal events.
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Self-relevant negative events

Increased

L Postcentral gyrus −36 −24 46 6.52 979

Decreased

R Postcentral gyrus 44 −28 60 9.95 4,268

Putamen 30 −6 0 9.42

Note: All reported clusters are cluster-level family wise error (FWE) corrected for multiple 
comparisons at p < .05 with an underlying voxel level of p < .001 (uncorrected).
Abbreviations: L, left hemisphere; R, right hemisphere.

TA B L E  3   Regions showing increased 
and decreased activations for self-relevant 
positive and negative interpersonal events 
with higher attribution ratings
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